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Do«crlptlon 

THIS INVENTION rolatos to catalysis U folates in particular 10 a prccoss tor preparing a Ftecher-Tropaeh ca.aiysi. 
and ro a Rschar-Troosch catalyst prepared by the process. 
* ^crS to tho Inv^tioTlhera^ provided a process .or prepay a Fischcr-Tropsch cutty*!. ^.=n process 

comprises 

subjecting a slurry comprising a particulate alumina carrier, water and an active component selected from the 
group consisting in cocan (Co). iron (Fe) and mixtures ther eol. to asub-atrrKwpheric pressure environment, thereby 
jo to impregnate tha aJumina carrier with the active component: 

drying the impregnated carrier under a sub-atmospheric pressure environment: and ■ . 
calcining the dried impregnated carrier, thereby to obtain the Fischer-Tropsch catalyst. 

The sub-atmospheric pressure environment during tha impregnation may be at a pressure less than 20 kPa(a). 
u and preferably at a pressure less than 10 kPafa). Likewise, the sub-atrrrcspheric pressure environment during the 
drying may be at a pressure less than 20 JcPa(a), and praferabry at a pressure less than 10 kPa(a). 

The drying temperature is limited by .the lower Omit of the decomposition temperature of the active cornponent. 
which is typically a n/trato saft so that the drying temperature is typically 7CTG-90*C. 

The sub-atrnospherfc pressure environments can thus be obtained by placing the slurry in a suitable enclosed 
20 vessel, and drawing the required sub-atmospheric pressure or vacuum on the vessel. _ 

WMo the impregnation and drying in the sub-atmosphere pressure or vacuum environments or conditions can be 
effected in two separate or distinct steps, they can. if desired, be effected in a single step, so that the Impregnation is 
effected wh3e the drying takes place. 

The drying in the sub-atmosphereic pressure environment may be continued until the moisture content of the 
26 impregnated carrier is below 20% by mass. Thereafter, the impregnated carrier may bo dried further under norwub- 
atmospheric pressure conditions to remove more water, particularly water of crystallization. The further drying maybe 
erf acted by passing a drying medium, eg air. in cc-current or counter-current fashion over the impregnated earner. The 
drying remperaiure may then be between 10O*C and 180*0. Thus, for example, the further drying may be effected by 
means ol hot air used to Ruidize and dry the particulate carrier, eg in a tubular reactor, in which case the air flow is co- 
so current Instead, however, the further drying may be effected in a counter-current air drier, which may be a catalyst 
spray drier. 

The calcination of the dried impregnated carrier thus converts or decomposes tha active corriponent to lis oxide 
form. Thus, for example, the active component can be used in the form of a sate, eg CoCNQafe. with the salt then being 
decomposed to the oxide at the active component, eg CCtp^ Th* calcining is thus effected in a cateiner. For exarrrplo. 
3S the calciner can be mounted to the tower end of a spray drier used for further drying of the carrier as hereinbefore 
described, with the dried carrier then tailing directly into the calciner. 

if desired the calcined cataiyst may be re-elumed with water together with at least one of the following: the active 
component, another active component, or a dopant as hereinafter described, with the resultant Impregnated earner 
then again being subjected to drying and calcination, as hereinbefore described. 
co The process may include forming the slurry. In particular, the active component may initially be in the form of a 

water soluble compound of the component, and may then be dissolved in at least some of the water, pnor to forming 
the slurry with the alumina carrier, so that formation of the slurry will then involve Intimate aombong of the alumina 
carrier and a solution of the active component confound. Superaaturalion during impregnation, which results in active 
component precursor crystelfeation, should be avoided during irnpregr^tk^rtf^lng. The *upereaturatlon aspect fe 
*s addressed through the slurry tnpregnalion, while the vacuum drying at- 75*C of the aqueous solution addresses the 
precursor crystalfization aspect. Thus, the purpose is lo Inhibit or prevent the diffusion of the catalyst precursor to the 
outer rim of the carrier body during drying (which wouU result in an egg^heU distribution) and which is enhanced by 
slow drying rates, vacuum drying of an aqueous impregnation solution at - 75-C overcomes this problem, thereby 
also eliminating the option of using more volatile solvents, eg acetone, alcohol, etc. the use of which is also complicated 
so by aspects such as: poorer solubilities of nitrates, for example -35% less Co^O^ Is soluble In acetone as compared 
to water at room temperature; and the presence ol high quantities of crystal waters, eg C^NQ^eH^O. 

While the alumina carrier will typica'V not be structurally promoted, it is. however, envisaged that it can contain a 
) structural promoter such as magnesium (Mg) or cerium (Ce) If desired, eg if it is desired to enhance the attrition re- 
l sisiance of the resultant catalyst which Is obtained from the process of the invention. 

U irrespective of whether ornottne alumina carrier is structurally promoted, the process of the invention may. how- 

ever be categorized thereby thai no promoter to enhance the activity of the resultant catalyst or to modify 0s selectM^: 
A such as potassium (X). chromium tCr). magnesium (Mg). zirconium (Zr), ruthenium (Ru). thorium <™>-^ <nium <™ 
y cerium (Ce). rhenium (Re), uranium (U). vanadium (V). titanium (Ti). manganese (Mn). nickel (NO. molybdenum (Mo). 
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!n^£fi^ carrtar may be .MciM a. a r elative ry low temperature, eg a. a temperature baiow 350«C. ana won 

b9to V/Sr,ha eatatys: to to be used In a s.urry bed reactor, k may be washedwith a suttable washing r^lum j >g 
water after a,, calcination, lo remove unwanted contamrtanw. such as cobalt. Much may have W™*£ (he ettemal 
surface S iS the torn, el a shea of cobart. » without alumina being P^^ ^ lI^^hL 
Preferably effected!* agitation, which may be achieved through boiling c. the water h wh«h the catalyst Is washed. 

* T^^V^TZTZuM ***** — c «*» S-metr^ with car** «^r^ 
obttinadesirJactVreyaneVorse.e^ . 
Thus for example tne catalyst may have a specified minimum pore size, typwally a pore see of at toast i^nv If the 
SSeTiLtry Is LhTat these geometric requirements in respect of the ^uttant^yst^.l r^tb. mev 
*™ procesTmay include pretraating the alumina carrier appropriafely. Thus, the process may ^^ 9 P™^'; 
^ScuMe alumina carrier oTsubstrate prior to forming the slurry thereof wnh the water and the actfce component 
10 modify tha average diameter of its pores, ie Ba pore aize. andtor to modity rts criemicaJ phase. 
^Xtrea^tr^ 

Whan me carrier « chemical* pretrealed, this may involve treating ftv^arrrnor,*. In pan^ula^eammonla 

spraymTmore water onto tha amrnoniated paste, with simultaneous mbdng. eg ^f^* *° ^ ^Jot? 

paste: drying ft; and then calcining iu This calcination may be affected at a tarr^eralure between 200-C and 10Q0-C. 

orcfonabiy 66 ,«oon SOfTC and 90Q-C. An acid, such aa acaix: acW. may bo added to the paste. tolred. 

P vZn the earner is precalcined without chemical pmtroarment thereof as h«re-«before <^^^<^ 

may also be effaced at a temperature between 200'C and 10O0-C. preferably between ^ C ™«^ "ate 

particularly the pretreatment may men comprise admixing the alumina carmrwSh water and an aod such as acota - 

S «3 ^additional water oVrte tha mixture while mixing, eg kneading, it turhm: ****** > 

■ SgL extruded paste; and then effecting the calcination thereof- The wafer and acd mrualty moced with the corner f 
mav be in iho form of dilute acid solution. . 

Naturally, rha extrusion of the pasta can be dispensed with If desired, eg if the resutent catalyst te to be used « a J 

ElU %r a e a 1 um^ f carrier or support may be that prepared by a spray-drying technique, provided fhattt r^^nsub- 
: jectadiothecalcinaticfltemr^retureherein^ 

p^.reawent thereof as hereinbefore described, Thus, a commercially available alumina support, such as the spray 
dried alumina support available from CONOEA Chemia GmbH of ubersaering 40 22297 Harrfcurg. Gerrr^y • 

Tho alumina carriar Is thus characterized thereby that it Is used in a relatively pure form, conla.n.ng at most only 
minor proportions of impurities or undesired substances such as lilania and/or silica, ^or a m^r^part»n cfa 

■ » uciural pTomotor as hereinbefore descr bed. Furthermore, the process may be charactered thereby thauhe alum** 
career is *e only carrier, ie that the alumina is not used In conjunction with other camera or supports such as titan* 

° r mass proportion cf active component to alumina carrier In the slurry may be between 5:1 0O and 6O-.10O. 

. **X S£Z iSS « *• -*y - - - ^ragnated uncalcinad c.nwir to fha ^^dca^s, 
as a dooant a minor proportion of an agent capable of enhancing the reducrbMty of tne acbve component. The dopant 
JSSm added £th. slurry which Is formed when tha calcined catalyst is reslurned as hare«>. 
^7£££Z£* <£m may ccxnpdsa cofJper (Cu, and^or p^um (Pt^Themass P^>^ « ^ ^£ 
when present, to active component may be Between 0.005:100 and 10:100. typically between 0.1.100 and S.0.1OO for 

■o copper, and between 0.01:100 and 0.3:100 for platinum. . 

The invention attends also to a Fischcr-Tropsch catalyst, whan produced by the process accord«,g to he ™nuon. 
^^Thashlghspecifica^/.andbsu^ 
Tropsch reacuon conditions in feed or slurry catalyst bods, to high molecular wa.ght saturated hydrocarbons. Ie waxes 
! The invention will now be described in more detail wftn reference to the following non-Hm.tlng examples, and with 

« reierence to ihe accompanying drawings, in wnich 

•\ FIGURE 1 shows a plot of wax selectivity vs activity in re.pec« of the catalyst, of &wm P les 1 to B: 

7 f IGUSe 2 shows a plot of wax salacity vs pore size in respect cf the catalysts of Examples S. 7. 9. 10 and 11 . 
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FIGURE 3 shows a plot of wax selectivity va pore size In rospact of the catalysts of Examples 36 to 59: and 
FIGURE 4 shows a plot ot activity vs selectivity In respect of the catalysis of Example 60. 

In the examples hereunder, a sorios of cobalt supported catalysts on alumina were prepared and tested for their 
5 . activity in the conversion of synthesis gee «to hydrocarbons. 

Fixed Bed Teats : 

. Those tests were performed using 40ml of catalyst. The catalyst was either crushed and sieved extrudates to 
io particle stzes ranging from 1 mm to 1,7mm, or spray dried to particle sizes ranging between 0,05mm and O.iSmm. A 
tubular reactor was used, and had an internal diameter of 1cm and a length of 100cm. The top part of the reactor was 
filled with an inert material to act as a pro-heater for the gas feed. The feed gas consisted of hydrogen and carton 
monoxide in an Hyco molar ratio of 2/1. The hydrogen and carbon monoxide accounted for about 84% (molar basis) 
of the reed. The other 16% was composed of inert oases, mainly methane (U,5%) and nitrogen (about 1%). The 
1S reactor was surrounded by an aluminium jacket which was electrically heated. The feed flow was controlled by means 
of Brooks mass flowmeters, and the Gas Hourly Space Velocity (GHSV) used In all the experiments was 4200 rv\ 
based on total feed flow. The waxy products were collected bn a condenser at about 18 bar and 130*0. This was 
followed by a condenser at about 1 8 bar and 20*C for the ({quid products. 

20 Shiny Phase Tests: 

Between 10 and 30g of catalyst, spray-dried to parUcfo sizes ranging between 38 jam to 160 um, was suspended 
in 300ml molten wax and loaded in a CSTR with an Internal volume of 500m£. The feed gas consisted of hydrogen 
and carbon monoxide In a HJCO molar ratio of 2/1. This reactor was electrically heated and sufficiently high stirrer 
25 speeds were employed so as to eHmrale any gas-liquid mass transfer limitations. The feed flow was control lad by 
means of Brooks mass flow meters, and space velocities ranging between 1 and 3 rrr'n/h/kg catalyst were used. GC 
analyses of the permanent gases as well as the volatile overhead hydrocarbons were used in order to characterize 
the product spectra. 

All catalysts were reduced, prior to synthesis, in a fixed bed reactor at a pure hydrogen space velocity of 2 500 
hr 1 and pressures ranging between 1 and 10 bar. The temperature was Increased from room temperature to 3S0*C to 
400* C ax a rate of 1 •C/min, after which isothermal conditions ware maintained for 6 to 1 6 hours. 
The catalysts were prepared according to the following examples: 



Example i 

35 

50g Alumina powder was added to 70m* distilled water. To this 50g Cc^NO^-Sh^O was added. The mixture was 
kneaded thoroughly and extruded. The extrudates were dried ri an oven for 2 to 3 hours at 100*C and thereafter 
calcined at 350° C for 1 6 hours. The alumina powder was that obtained from Degussa AG under the designation "De- 
gussa Aluminium Oxide C a 

to 

Example 2 

In a similar manner to Example 1 . a catalyst was prepared by impregnation, drying and calcining, except that 42.5g. 
Instead of SOg, Cc^nq^SH^O was added to the alumina and water mixture. 

is 

Example 3 

In a similar manner to Example 1, a catalyst was prepared but 37.5c,, rajherthan 50g, Co( NOa^-GH^ was added 
to me alumina. 

so 

Example 4 

In a simitar manner to Example 1 . a catalyst was prepared, but 20g CrfNO^ghuo was added as a promoter. 
r | Example S 

A 50g of the lame alumina powder as used In Example 1, was added to 70 mi distilled water. To This mixture 25g 

:j Co(NOo)a-6H 2 0 and 6.1 g Mg(NO3) a -6H^0 were added. The mixture was kneaded and extruded similarly to Example t . 







IL 
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Example 6 

A catalyst was prepared in a similar manner to Example 1 . Out 0.3Sg KNC^ was added as a premolar. 
5 Example 7 

A catalyst was prepared in a similar manner to Example 5. but 0_4g KNC^ was added n place o( mo Mg 
(NO^j-SHaP. 

io Example 5 

A catalyst waa prapared in a similar manner to Exampto 1 . but 4.99 Tr.(NO J 4 -6H,0 waa addad as a paxriolsr. 
-me characwftalca of iho catalysis of Example* 1 to 8, a* wea as tfiolr performance In fixed bod Flscher-Tmpsch 
synthesis, are presented in Table 1. 



@005 
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It can thus be seen that there Is a strong correlation between the wax selectivity (defined here as the traction ot 
hydrocarbons condensed at 13CPC at 18 bar) and the activity or the catalyst. This correlation is independent of the 
nature cf the promoter and also independent of the addition of a promoter. This Is more clearty indicated in Figure 1 
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whicn araphicalry snows ina data oi Table 1 . 

Ammonal supports cobalt catalysts were prepared according to the f ollo«>ng procedure .n ordor to cover a range 

of pore sizes. 
Example 9 

A catalyst was prepared in a similar manner to Example 1 but 12.59 M^NO^SHaO was added as a promoter. 
Example TO 

A catalyst wa* prepared in a similar manner to Example 5 except that 4.0g ZrOV)acecylacetdnate was added In 
the place of the MaXNO^^H^X 

Example 11 

A eaiaryst was prepared in a similar manner to Example i . but Q.BSq KNO^ was added S3 a promoter. 

These catalysts were dried. cafcrrtOd and tested for their fixed bed synthesis behaviour in a swnflar fashion tothe 
catalysts of Examples 1 to 0. The physical characteristics and the catalytic activity of the catalysts are presented m 
table 2. 



so 



2S 



30 



3S 



40 



SO 



\ 



11/20/97 13:44 ®5026373732 UNITEDCATALYSTSE -- — UCI SOUTH LAB 



©008 



EP0 736 326 At 



IS 



so 



2$ 



s 
s 



35 



4S 



11 

ill 
111 

w 

it" 




cS s $ ^ 


till 

fbi 


*i — ^ — « 

c* c* 




^ « « n 5 

s a s s a 


1 


% 


c« ao e» eo a» 

w» r* fn 

mm *J o O 


1 


a s « ^ 


i£ 


8 2 2 2 8j 




2 v> ~ 



50 



L 



From Tabla 2 *tf can thus bo seen that fora given activity (ie — 2m mot H^/m* cat/h). reactor wax selectivity is a 
strong function oT average catalyst pore size. This relationship Is independent erf the type of promoter added. This is 
more dearly illustrated in Rgure 2. whk-h graphically illustrates the res u Is shown in Table 2. 

In Example* 1 to 11 . use was marie of fumed ALp 3 which was co-extruded with the catalytlealry active compen ante. 
An alternative approach is to extrude (or spray dry) and calcine the AfeO^ support separately as a first preparation 
slap, prior to Impregnation with the active cornponent(s). This procedure allows for more freedom wfth respect to tai- 
loring of the support geometry 

For this application, precipitated AijOa. supplied by Condoa Chemie GmbH, under their designations 'PureJ SB 
alumina 1 , 'Puralox SCCa 5/1 SO. or Puralox HP 5/180* was used. The average pore size of the support was increased 
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oy the following pr a treatment techniques; by calcination ancVor by chemical treatment wilh an alkaline compound such 
as ammonia. Examples 12 to 35 thus are directed to p retreated supports. 

Example 1 2 

S 

125ml acetic acid diluted with 1.71 distilled water was added to 2 kg Pural, SB alumina powder obtained from 
Coodea. Another 1.2/ water was sprayed on while kneading the mixture. Tho alumina was exiruded. dried at 12CTC 
tor 12 hours, and calcined at 600" C for 16 hours, to produce a pre treated support. 

io Example 13 

A support was prepared tn a simitar manner to the support of Example 12, but using a calcination temperature of . 
7CWC, insiaad of 600*C. 



is Example i< 

A support was prepared in a similar manner to the support of Example 12. but using a calcination temperature of 
e0O*C. nstead of 600'C. ^ 

so Example 15 

125 ml acetic acid diluted with 1 At dfetlBed water was added ID 2 kg Pural S3 alumina In a mfacer. 250ml Ammonia 
(1 2,5 vol %) was sprayed onto this alumina paste. A further \J2t water was sprayed onto the alumina while kneading 
the paste. The alumina was than extruded, dried al 1 20*C for 12 hours, and calcined at GOQCC for 16 hours. 

2S 

Example 16 



as 



A support was prepared in a similar manner to the support of Example 15, but using a calcination temperature of 
700* C, instead of 600*C. 

Example T 7 

A support was prepared, in a similar manner to the support of Example 15, but using a calcination temperature of 
erXTC. instead of 6O0*C 

Example 18 

19ml CH3COOH was diluted to 21 0ml with distilled water. 20g of ZrC^O^^-Sr^O was dissolved Into this solution. 
This solution was then sprayed onto 300g Pural SB alumina while mixing in a mixer. 180ml of a 1.8 vol % ammonia 
*o solution was then sprayed onto the alumina while kneading the paste. The paste was then extruded, dried al 120*C 
for 2 hours and calcined al 750*C for 16 hours. 

Example 19 . . 

<<& A solution of lOOg 4M0XCO3) -Mg(OH 2 )-4H20. 160ml CH3COOH and 1 50ml distilled water was sprayed onto OOOg 

Pural SB alumina while mixing it in a mixer. This was then followed by spraying 220ml of 12.6 vol % ammonia onto 
the kneading mixture. After extruding the paste, the extrudates were dried at 1 20*C tor 2 hours, and calcined at 7S0°C 
for 1 6 hours. 

so Example 20 



1 



A solution of 30g 2i{HO^SH^D in 21 Qml distilled water was sprayed onto 300g of Pural 58 alumina while mixing 
in a mixer. While kneading this mbaure, 180ml of a 3.5 vol % ammonia solution was sprayed onto K The paste was 
then extruded, dried at 120*C for 2 hours, and calcined at 750*C for 16 hours. 

Example 21 

A support was prepared in a similar manner to the support of Example 18. but instead of 20g ZrCNO^-SKjO. 30g 
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MgCNO^-eH^o was used. 
Example 22 

s A support was prepared in a simdar manner to (ho support of Example" 18. but Instead of 20g ZrtNOJ^-SH^O, 9g 

KNO a was used. 

Example 23 

>o A support was prepared in a similar manner to The support of Example 18, but instead of 20g ZrrNO^vSHjO. 20g 

Mn(N0 3 ) 2 -<iH 2 0 was used. 

Pypun plfl 24 

?5 P uraiox SCCa 5/1 50 support was calcined at 750*C for 1 6 hours. 

Example 25 

Puralox SCCa 5/150 support wae calcined al 800*C Tor 1 6 hours. 
Example 26 

Puralox SCCa 5/1 50 support was calcined at 900*C for 18 hours, 
zfl Example 27 

Puralox SCCa 5/150 support was calcined at 1 000'C for 16 hours. 
Example 28 

Puralox HP 5/180 support was calcined at 600°c for 16 hours. 
Example 29 

3* Puralox HP support wae calcined at 700°C tor 16 hours. 

Example 30 

Puralox HP 5/180 support was calcined at 75CTC for 16 hours. 

40 

Example 31 

Puralox HP 5/180 support was calcined at 80CTC for 18 hours. 
45 Example 32 

Puralox HP 5/180 support was calcined at 900*C lor 16 hours. 
Example 33 

so 

Puralox HP 5/180 support was calcined at ^ 000* C for 16 hours. 

r 

1 Example 34 

.]s Puralox HP 5/180 support was calcined at 1 100*C fof 16 hours. 
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Example 35 

A support was prepares in a similar manner lo Ine support o< Example 15, but using a calcination temperature 
750*C. In 31 oad of 600*C. 

The physical properties of the pretreaied supports of Examples 12 lo 33 are given in Table 3. 



TABLE 3 



1 Example 


Calcination Temperature *C 


SET area m^g 


Pore Volume m£/g 


Average pore size nm 


1 12 


600 


213 




8.6 




700 


193 




9.5 


1 lal 


■ 800 


loo 




10.6 


15 


600 


211 




10.2 


16 


700 






11.2 


17 


800 


- 1C1 


0.52 


12.9 


18 


750 


oni 

&U I 


0.48 


9.6 


19 


750 




0.46 


11.2 


20 


7SO 


143 


0.44 


12.3 


21 


750 


165 


0.51 


10.9 


22 


: 750 • 


189 


0.50 


10.5 


23 


750 


198 


0.49 


9.9 


24 


750 


155 


0.43 


12.5 


2S 


800 


143 


0.50 


12.9 


26 


900 


134 


0.4a 


15.0 


27 


1 ooo 


100 


0.3S 


15.1 


23 


600 


160 


0.65 


14.4 


29 


700 


169 


0.65 


15.5 


30 


750 


172 


0.65 


12.5 


31 


800 


133 


0.64 


19.2 


32 


900 


116 


0.61 


21.1 


33 


1 000 


92 


0.52 


21.9 


34 


1 100 


60 


0.25 


16.0 


35 


7S0 


130 


0.65 


lfi.0 



Increasing calcination temperature thus decreased the surface area ot the supports. This affect was very similar 
tor both types of support, ia with and without ammonia treatment. 

The average pore size Increased with an Increase In the calcination temperature. The catalysts prepared with 
ammonia show a higher average pore sizo than the catalysts prepared In the absence of ammonia. 

The supports Of Examples 12 to 35 wore impregnated wfth cobalt to determine the effect of their average pore 
size on wax selectivity. Trie following procedure was used: 

SOg of support was added to a solution of SOg Cc<NO 3 ) Z '6H^0 and 0-OSg PtfNr-y* (NO^ in 50 to 7 On* d^tHled water. 
The water was evaporated at 70* C under vacuum In a rotary evaporator. The cataJyst was calcined at 35CTC in a 
counter-current airflow for 6 hours. 

The average pore sizes as well as reactor wax selscuv'tfiss, as obtained in the tubular fixed bed reactor used in 
Examples 1 to 11 . are shown in Table 4. 
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Tab»e 4. it can oa aeon that lor a c>en aclivily the reactor wax selectivity is a function ol average calarysi 
pore size', independent ol Iho type or promoter used (le Zr. Mg. Mn. or K). This te more clearly illustrated m Mgure * 
whicn summarizes me resutts shown in Table 4. . . 

These tubular fixed bed synthesis Examples thus show that the main variables affecting wax selectivity from a 
cooalt based Fiacher-Tropsch catalyst are the average pora size diameter of the support or carrier and the intrude 
catalyst activity. 

In Examples 60 to 65 hereunder, commerctally available apraydried and calcined AlgOj Puralox SCCa 5/150 was 
used This material was calcined at a temperature between 600* C and 700'C during manufacture thereof. This A^Oa 
suppon material had a pore size of 12.5 nm which, as seen in Figure 3. is optimal from a wax selectivity and catalyst 
activity point of view. All the physical properties of this support material are llstod in Table 5. 

TABLE 5 



9 ^Physical property 


AtjOj, PuraJox SCCa 5/1 50 (used as selected support for the preparation of slurry phase 

Rseher-Tropsch catalysts) 




Pore size 


12.5 nm 




Surface area 


150 rrrVg 




Pore volume 


0.5rotfg 




Panicle size distribution 


45 - 150 urn 


2C 


Crystalline phaso 


Gamma 



Six catalyst samples were prepared with this support 
Example SO 

40g Co<N0 3 ) 2 -€H 2 0 was dissolved in SOm* distiOed water, and 50g AI2O3 Puralox SCCa 5/150 was suspended 
in this solution. This slurry was treated for ~ 2.5 hours at 75'C and 2 to 5 kPa in a rotary evaporator to impregnate the 
alumina carrier and to dry the impregnated carrier. The dried Impregnated carrier was dried further and calcined at 
230'C for 2 hours In an air now of 1 .S^imin. The resultant calcined sample was r ©-slurried In a solution that was made 
up by having dissolved 35g CoCNOJa-GHap and 50 mg Pt(NH a ) 4 (NQ 3 )2 in 50m* erf distilled water. This Blurry was again 
vacuum treated tor - 2.S hours at 75*C and 2io 5 kPa until free flowing in a rotary evaporator. The dried impregnated 
carrier was calcined at 230* C for 2 hours in an air flow of 1 .52/min. 

Examole 61 

<A0g CotNOak-eH^O was dissolved in SOrrtf distilled water, and 50g AI^ Puralox SCCa 5/150 was suspended 
in this solution. This slurry was treated for - 2.5 hours at 75*C and 2 to 5kPa In a rotary evaporator tb Impregnate the 
alumina carrier and lo dry the impregnated carrier. The dried Impregnated earner was calcined at 380°C for S hours 
in an air flow of I-Stjmin. The calc^ed sample was ro-slurried in a solution that was made up by having dissolved 
35g CcKNOak-SHaO in 50m€ distilled water. This slurry was again vacuum treated for - 2.5 hours at 75* C and 2 to 5 
kPa in a rotary evaporator, followed by calcination at 3SO*C for 5 hours In an air flow of l.5e,/min. The calcined sample 
was re-slurried \n a solution that was made up by having dissolved O.Sg Ru (III) acetylacetonate in 50m/ acetone- This 
slurry was again vacuum treated, ie dried, until free flowing at 75*C and 2 lo 5 kPa Vi a rotary evaporator followed by 
a rtnal calcination step at 330°C for 4 hours in an air flow of 1 ,5^,/rrtin. 

Example 62 

40g Cc^NCy^eHaO and 1 .2g perrhenic acid (HfleO*) was dissolved in SOrrtf distilled water, and 50g Al^Qa Puralox 
SCCa 5/1 50 was suspended in this solution. This slurry was vacuum treated for - 2.5 hours at 75^C in a rotary evap- 
orator to impregnate trie alumina carrier and to dry ine impregnated carrier. followed by calcination at 350-Cfor 5 hours 
in an air flow ol 1.5*,/min. This calcined sample was re-slurried In a solution that was made up by having dissorved 
35g Co(N0 3 )-6H20 and O.fig perrhenic acid *n SOmT distilled water. This slurry was again vacuum dried for ~ 2.5 hours 
at 7S 3 C until free flowing in a rotary evaporator, followed by calcination at 350*C for 5 hours in an air flow of 1 .5/,/mav 



Example 63 

29.6g Co<N0 3 ) a -6H20 and 30 mg PllNH^NOjlj *<as dissolved in 50m/ distilled water, and SOg Puralox SCCa 
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S/1 SO was suspended in mis solution. The slurry was vacuum treatedtor - 2.S hours at 7S*C and 2 to 5 kPa In a rotary 
evaporator to impregnate the alumina carrier and to dry the Impregnated carrier. The dried impregnated carrier was 
calcined at 23CT C tor 2 nours an air (low ot 1 .S^min. The calcined sample was re-slurried in a solution mat was 
made up by having dissolved 1 g.dg CcKNO^SH^O and 20 mg Pt(NHJ 4 (NCb)a "m 50m* of distilled water. This slurry 
was again vacuum dried for - 2.5 hours at 75° C and 2 to 5 kPa until free flowing in a rotary evaporator, The dned 
impregnated sample was calcined at 230* C for 2 hours in an air flow of 1 .S^rnin. 

Example 64 

This Example was similar to Example 61 with the following differences: 

i si impregnation : 30g CoCNO^.SHjO waa used instead of 40g Co^O^-GH^) 

2nd impregnation : 20g Co^Oa^-SH^O ^ used instead of 35g CoiHO^SH^ 

3rd impregnation : 0.55 g Ru (II!) acetylacelonaie was used Instead of 0.8g Ru <lll)^cerytacelonale 

Thus, Examples 60 to 64 were prepared by means of slurry impregnation, ie impregnation solution in excess of 
the total available alumina carrier pore volume. 

Example 65 

26 kg A^Oa Puratax SCCa 5/150 was incipient impregnated with a aqueous solution containing 13.9 leg Co 
(NO^-SHaP and 8.6g Pt(NH 3 )4fN0 3 ) 2 , This Impregnated sample was dried at 80* C tor 10 hours In an air flow of 40*,/ 
.-nin. followed by calcination at 240*C for 4 hours in an air flow of 2S0*,/min. In incipient impregnation, the volume of 
the impregnation solution used, ie the aqueous solution refarred lo above, is equal to the pore volume of the alumina 
carrier. 

A Mcond incipient impregnation step followed during which this sample was Impregnated with 11 .3* of an aqueous 
solutka&ntairung 1 2.1 kg C<^UO^H^D and B.Bg Pt(NH 3 ) x (N0 3 ) 2 . Drying and calcination was performed sfrnBariy 
to the SrsT^p. 

A third and final Incipient knpregnatlon slap followed during which This sample was impregnated with 13-2£ of an 
aqueous solution containing 1 4.2 kg Cc^NO^ SHjO and R6g Pl^H^CNOa)* followed by the same drying and cal- 
cination steps as described above. 

The preparation method of Example 60 was successfully scaled up to pilot plant scale, mors or tess on the same 
scale as that of Example 65. Proper vacuum drying proved to be an important parameter in the case of the scaled up 
version of the slurry impregnation option. The final moisture content of this dried impregnated catalyst should be less 
than ~ 20 mass %. This permits calcination where the dried impregnated catalyst Is first passed Through a countor 
current air drier (residence time of ~ imln) set at 1§Q? C. famng directly into a tubular caJcJner unit set at 250*C. The 
air flow through the cafciner was set at — 8 dm J>/kg caVmin at a superficial velocity ot — 5 cm/8. Propercalcination 
required calcination periods in excess of 3 hours, preferably — 6 hours. 

Examples GO. 63 and 65 were ■unpromoted". Small quantities of Pi were added to assist with catalyst reduction. 
These quantities could vary between 0.03g Pt and 0.08g Pi per lOOg A^O^ end could be co-impregnated throughout 
all the impregnation steps (eg Example 65) or concentrated in the final impregnation step (eg Example 60). 

The slurry phase Rscher-Tropech actMtiee of catalyst Examples 60 to 65 are listed In Table.6. 
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The foltowtag conclusions ara evident from Tabte 6: 

Flu or Re promotion, which can be expansive at the required levels, obea not result in ennancod specific Racher- 
Trop&ch activities at a cobalt content of - 20 mass % (le 30g Co/IOOg AljOJ. 
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Applying a reported cobalt* based Fiscnar-Tropsch kinetic equation, such as: 

' P r = (k P rPK ? Pco) / l 1 ^P C o.) 2 - 

shows that intrinsic activity is linearly proportional to the cobalt content or a m CcvO.05 Pt/lOO Af^O^ catalyst 
(AUOa Puralox SCCa 5/150) up to a level of m « 30 (re constant cobaK utilization). At higher cobalt loadings (io m 
> 30) cobalt utilization is diminished. 

- In the preparation of the m CoO.05 Pt'100 AfeQa catalyst the method of slurry Impregnation (eg Example 60) is 
preferred wlih respect to incipient wetness impregnation (eg Example 65). The former impregnation method re- 
sulting In a catalyst with an intrinsic Fischer-Treosch activity level — i .35 times higher than the latter. 

A selectivity rivestigaticn on This preferred cobalt slurry phase catalyst fle Example 60) was performed end mod- 
elled. Table 7 provides an axarnpte of best fined Schulz-Flury modelled sefectMnes of this catalyst, at representative 
synthesis conditions. 



TABLE 7 



% CO conversion at 220* C 

and 20 bar with a feed 
composed of 67 vol % 
and 33 vol % CO 


Mass % setectrvib'es of the catalyst sample 36 after 400 hours on line 


Fuelgas C^r^ 


IPG C 3 -C 4 


Gasoline C^-C^ 


Oiesel C 12 -C 1Q 


YvaxC 10 + 




28 


18 


34 


14 


6 


84 


13 


12 


32 


21 


22 


68 


a 


9 


26 


21 


36 


54 


6 


7 


24 


21 


42 


44 


6 


7 


22 


20 


45 


37 


5 


6 


22 


20 


47 


32 


5 


6 


21 


20 


48 


28 


5 


6 


21 


19 


49 


23 


5 


6 


20 


19 


50 


18 


4 


6 


20 


19 


51 


15 


4 


6 


20 


19 


51 



A graphical illustration of table 7 is presented in Figure 4, which underlines the dependence between activity and 
selectivity, as also deduced from figure 1 tor the fixed bed application. 

With respect to wax quality, slurry impregnation method (eg is described in the preparallon of Example 60) is 
superior to the incipient wetness Impregnation option (eg as described in the preparation of Example 65). 

The reaction wax produced by catalyst Example 65, contained suspended sub-micron C03O4 particles, at cobalt 
concentration level of — 100 ppm, which could not be removed by means of filtration through a Whatmans 42 filter 
paper. This also impacted negatively on the wax cotour, and an undesirable saybott colour of -16 (ie darkest Indicator) 
was determined for. the filtered reactor wax. The origin of these sub-micron C03O4 contaminant, was traced back to 
the presence of a clearly defined shell containing CoandnoAl{- 1 u/n thick as observed through a SEM Investigation), 
uniformly encapsulating the spray-dried 7 AI2O3 spheres. 

A thorough washing of the calcined catalyst Example 65, successfully removed thb unwanted cobalt enriched 
material, without exerting any influence on the specific Fischer-Tropsch activity. This Is despite of the fact that up to — 
8% of the original cobalt content could be washed out 

Details of water washing procedure: 

Experience gained during the washing of - 5 kg of catalyst Example 65 (le after the final calcination step and 
before reduction), has shown that at least 25* of water is required per kg of catalyst. 

Procedures that must be adhered to during the washing are: 
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- The water must be agitated to a limited degree, and this can be achieved inrough boiling. 

. Changing water from lime to time speeds up the procedure, eventually becoming clear, thu3 tne recommended 
25* per kg oi catalyst. 

The unwanted situation of wax contamination has bean proved to be almost absent in the case ol slurry phase 
Impregnated catalysts (eg sample 60). viz: catalysts with more homogeneous cobalt distribution throughout the pani- 
cles, encapsulated by a tar less pronounced cobalt oxide shell, is produced. 

A water washing step Is. however, still to be recommended In order to ensure a nigh quality wax. Wax produced 
by a washed slurry impregnated 30 CoO.05 Pt/100 Al^ catalyst contained only 1 to 3 ppm cobalt resulting in a say bolt 
colour of 1 0. alter filtration through a Whaimans 42 filter paper. 

Tnus, very active cobalt based (fixed bed and slurry phase) RscherTropsch catalysts can be prepared in a rela- 
tively inexpensive and easy manner, eg no expensive wax selectivity promoters are required in accordance with the 
invention. 

Claims 

1 . A process lor preparing a Fischer-Tropseh catalyst, characterized In that the process comprises 

subjecting a slurry comprising a particulate alumina carrier, water and an active component selected from the 

group consisting in cobalt (Co), Iron (Fe) and mixtures thereof, to a eub-atrnosphenc pressure environment, 

thereby to impregnate the alumina carrier with the active component 

drying the impregnated carrier under a sub-atmospheric pressure environment; and 

calcining the dried Impregnated carrier, thereby to obtain the Flschgr-Tropsch catalyst. 

2. A process according to Claim 1. characterized in that the sub-atmospheric pressure environrnant during the im- 
pregnation Is at a pressure less than 20 kPa(a). 

3. A process according to Claim 1 or Claim 2, characterized in that the sub-atmospheric pressure environment during 
the drying Is at a pressure less than 20 KPa(a). 

4. A process according to any one of Claims Ito 3 Inclusive, characterized in that the impregnation and drying in the 
sub-atmospheric pressure environments is effected in a single step, so that the impregnation to effected while the 
drying takes place. 

5. A process according to any one of darns 1 to 4 inclusive, characterized in that the drying in the sub-atmospherec 
pressure environment is continued until the moisture content of the impregnated carrier Is> below 20% by mass, 
whereafter the impregnated carrier is dried further under rKxrtuo-atrnospherlc pressure concfiuons by passing a 
dryhg medium in co-current or counter-current fashion over the Impregnated carrier at a drying temperature be- 
tween t0O fl C and 180*C. 

6. A process according to any one of Clafcns 1 to 5 inclusive, characterized In that it includes adding to the stony or 
to tne Impregnated uncaldned carrier, as a dopant, a minor proportion of an agent cspaote of enhancing the 
reducibffity of the active component. 

7. A process according to Claim 6. characterized^mar^ comprises copper (Cu) andfor platinum (Pt). and 
wherein the mass proportion of the dopant to active componeita is between 0.0 05:100 and 1O J0O- 

8. A process according to anyone of Claims 1 to 7lnclusive ( ^chaxactertzed in that the calcined catalyst Is re-sturried 
with water logemer with at least one of the following: the active component, another active component, or. as a 
dopant, a minor proportion of an agent capable of enhancing the reducibitrry of ihe active component, with the 
resultant impregnated carrier then again being subjected to drying and calcination, 

9. A process according to any one of Claims f to 8 inclusive, characterized in that the cafcinatbn of the dried im- 
pregnated carrier is affected at a tomperaiure below 350 4 C. 

10. A process according to any one ot Claims 1 to 9 inclusive, characterized in mat it Includes washing the caiafyst 
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with a washing medium, to remove unwanted surface con Lam in ants merer rom. 

It. A process according to any one ol Claims 1 to 10 incfcisivo. characterized in mat it includes forming the slurry by 
dissolving a water soluble compound o( the active component in water, prior to forming the slurry with the alumina 
s carrier, and forming of the slurry by intkriatalyadmbcingmoalumirttcamVa 

compound, 

12_ A process according to Claim 11 . characterized in that it deludes pretreating the partieulato alumina carrier prior 
to forming the shiny thereof with the wuter and the active component, to modify the average diameter of 3s pores 
io and/or to modify tat chemical phase, by chemically pretreatlng the carrier andfor precaJclnlng the carrier prior to 

the slurry tomration. 

13. A process according to any one of Claims 1 to 12 Inclusive, characterized In that the mass proportion of active 
component to alumina carder in the slurry la between 5; 100 and 60:100, 



14. A Fbchex-Tropsch catalyst characterized in that it is produced by the process according to any one of Claims 1 
to 1 3 Inclusive. 



15. A method of preparing a high molecular weight saturated hydrocarbon wax which method comprises the selective 
zo conversion of synthesis gas under Fischor-Tropsch reaction conditions h the presence of a catalyst claimed In 
Claim 14. 
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